Introduction
Ionizing radiation from radioactive substances accidentally introduced into the environment may have major impacts on biota and ecosystems in heavily contaminated areas (Monte, 2013) . Protecting the environment against ionizing radiation is of major concern and is increasingly attracting the attention of researchers and the public (Bréchignac et al., 2012; Hinton et al., 2013) . A great deal of work has been devoted to the systematic investigation of the effects of ionizing radiation on the ecosystem (Whicker and Schultz, 1982; Polikarpov, 1998; Pentreath and Woodhead, 2001; Polikarpov, 2001; Bréchignac and Barescut, 2003; Real et al., 2004; Beresford et al., 2008a; Andersson et al., 2009; Bréchignac et al., 2009) .
Small mammals are often used as bioindicators of environmental contamination (Martin and Coughtry, 1982; Wern, 1986; Talmage and Walton, 1991) . Studies of small mammals have demonstrated that they may accumulate a variety of pollutants (Talmage and Walton, 1991) . The Levant vole Microtus guentheri (Danford & Alston, 1880) , because of its middle position in the food chain, rapid maturity, relatively stable population density, and broad range of climactic tolerance (extends up from low altitude to high altitude (500-1500 m)), is suitable for monitoring of contaminants deposited by atmospheric deposition. Rodents such as the M. guentheri may be exposed to external irradiation from radionuclides deposited on soil and vegetation, irradiation of animals from radionuclides absorbed on the skin/hair, and internal irradiation from incorporated radionuclides (Sazykina and Kryshev, 2006) .
The aim of this study was to determine gamma radioactivity levels in Microtus guentheri near the city of Mersin, located in the south of the Mediterranean Region of Turkey, and compare them with the associated dose rates of the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR). Prior to this study there was no information available about the radioactivity levels of living organisms in this region. The Turkish government signed an agreement that was ratified by the Turkish Parliament with the subsidiary of Rosatom and established Akkuyu NGS Elektrik Üretim Corp. (Akkuyu Project Company) to build a nuclear power plant at Akkuyu comprising four 1200 MW VVER units, in Büyükeceli, Mersin Province, Turkey, in May 2010. This will be the first nuclear power plant in Turkey. The primary objective of this study was to measure background levels of radioisotopes that could be used to examine future environmental effects of fugitive radioactivity from the nuclear power plant. The results obtained from this study can be used as a reference in case small-or large-scale nuclear problems (e.g., leakage) occur in the future. The species examined in this case can be used as a biomonitor for long-term and large-scale studies in the future.
Materials and methods

Sampling
Mersin is a province in southern Turkey, on the Mediterranean coast, between Antalya and Adana. It covers an area of 15,853 km 2 and has a population of 1.6 million. As shown in Figure 1 , the 110 Microtus guentheri samples were collected from localities at various altitudes in Mersin. The localities were selected from different locations (cultivated, uncultivated areas, road sides, etc.) of the studied area. At each sampling location, an area of 10 m 2 was marked out. A map showing the location of samples collected is given in Figure 1 .
The samples were taken from various sites in the 18 study areas (Figure 1 ). According to Yavuz et al. (2010) , fifty snap traps were placed at each site with the habitat features at each trap site being specified. Snap traps were set at suitable locations 2 h before sunset on the day of arrival in the field and were checked the following morning 1 h before sunrise or at sunrise (snap-trapping). Only one trap was placed in ~10 m 2 , approximately. All of the Sherman traps were set in the morning and checked the following morning. If any live individuals were caught, they were placed in labeled polyethylene bags and then frozen and transferred to the Mammalian Biology Laboratory at Akdeniz University in Antalya.
During species identification of the samples, measured values (weight, height, tail length, etc.) were evaluated as well as external appearance. In this species, fur on the dorsal aspect is dark brown, while it is light on flanks. Underparts are dark gray with a whitish tinge. There is no line of demarcation along flanks. The tail is bicolored; there is short dark brownish hair dorsally and dirty white hair ventrally. The upper side of the forefeet is covered with hair paler than the dorsal fur, but the underparts are darker. Furthermore, there are only nests of this species at the areas where samples were captured.
Sample preparation for analyses
Before the measurements, samples were brought to the consistency of paste with a grinder-homogenizer. Approximately 150-200 g of sample was prepared for each locality. All samples with whole-body parts, as captured, were homogenized. It is very important for the population to give the instant and up-to-date rate of radiation. Homogenized samples were stored (air-dried and kept at 4 °C) for approximately 5-10 days until they reached constant weight in a ventilated room. The samples were then filled into hermetically sealed cylindrical containers with known geometry and volume, labeled, weighed, and stored for ~4 weeks in order to reach secular equilibrium between 226 Ra and 222 Rn prior to counting. Approximately ~100 g of paste from each sample was put into cylindrical containers of 6 cm in diameter and then transferred to the gamma-ray spectroscopy laboratory of the Physics Department of Akdeniz University. 2.3. Instrumentation: system and detector calibration Natural and artificial radioactivity measurements of the samples were carried out with a high-purity germanium detector-based gamma-ray spectrometer (AMATEK-ORTEC (GEM40P4-83)). The detector has a resolution of 768 eV FWHM at 122 keV for 57 Co and 1.85 keV FWHM at 1332 keV for 60 Co with relative efficiency of 40%. It is connected to a NIM consisting of ORTEC bias supply, spectroscopy amplifier, analogue-to-digital converter, and computer. The detector was placed into a 10-cm-thick lead shield with an inner surface covered by a 2-mmthick copper foil to shield from the X-rays originating in lead. Data acquisition and analysis were carried out with MAESTRO32 (ORTEC) and GF3 (RADWARE) software (Radford, 1995 Cs). For statistical analysis, we measured a spectrum of 350,000 spectrum for the calibration source with the minimum of 20,000 counts under each full energy peak for efficiency calibration. Thereafter, efficiency versus energy graphs were plotted by using by Eq. (1) (UNSCEAR, 2000) :
where ε is the full energy peak efficiency, E ϒ is the gammaray energy, and a, b, c, and d are the best-fit coefficients determined by the fitting algorithm. Finally, efficiency values used in the activity concentration calculation of the full energy peaks were calculated using Eq. (1).
Radioactivity measurements and dose calculations
All samples were placed toward the front face of the detector and counted for 50,000 s. Background intensities were obtained with an empty beaker for 50,000 s under the same conditions before and after measurement of the samples. The average of the background counts was then subtracted from the sample spectrums. Th decay series is very important (Bowie et al., 1971; Killen, 1979) .
Because of physicochemical processes such as leaching and emanation, disequilibrium is a common situation in the 238 U decay series. Deviation from equilibrium mainly occurs because of the escape of gaseous radon from the sample matrix. Since there are different elements in 238 U decay series, their reactions may be different in the same environment. For example, the chemical solubilities of radium, uranium, and thorium isotopes differ and differential leaching of isotopes is also another possibility (Killen and Carmicheal, 1976 (Yaprak and Aslani, 2010) .
The gamma transitions of 351.9-keV 
where N is the net counts under the full energy peaks, ε is the detector efficiency of the specific energy (detector efficiency depends on energy; thus, while calculating activity, efficiency of detectors in specific energy should be identified), P is the probability of gamma decay, t is the live counting time (s), and m is the mass of the sample (kg). Minimum detectable activities of the measurement system for 226 Ra, 228 Ac, 137 Cs, and 40 K radionuclides are given in Table 1 for 1-kg sample size and 50,000-s live counting time.
Radiation hazard indices calculations
Different known radiation health hazard indices have been used in radiation studies to arrive at a better and safer conclusion on the health status of a radiated or irradiated person or environment in recent studies (Diab et al., 2008; Kabir et al., 2009; Senthilkumar et al., 2010; Zarie and Mugren, 2010; Agbalagba and Onoja, 2011 Th, and 40 K found in samples collected from the study area are not uniform. Radium equivalent activity (REA), which is a common radiological index, is commonly used to measure radiation hazards of these radionuclides in single quantity (Beretka and Matthew, 1985 K produce the same gamma-ray dose rate.
Annual effective dose
One has to take the conversion coefficient from absorbed dose in air and the outdoor occupancy factor in order to estimate the annual effective dose (AED). According to UNSCEAR (2000) , it is defined as follows (Dickson et al., 1982; Yaprak and Aslani, 2010) :
where AED is the annual effective doze equivalent in mSv year ).
Annual gonadal equivalent dose
The gonads, the bone marrow, and the bone surface cells are considered as organs of interest by UNSCEAR Cs activity concentrations; gamma dose rate measurement results; and dose and hazard calculations. The range, minimum, maximum, and mean value with standard error, standard deviation, variance, skewness (the degree of deterioration of symmetry) and kurtosis (degree of peakedness) coefficient parameters are listed in Table 4 . Since the data sets were nonparametric correlation analysis was done using Spearman's rho test. Significant or nonsignificant correlations between the activity concentrations and altitudes are shown in Figures 2 and  3 , with hazard indices given in Table 5 . The altitudes were grouped into higher altitudes and lower altitudes separately to test sea level across the high plateau by Student's t-test.
Results
We were able to measure both natural radionuclides ( 137 Cs activity concentrations among the samples collected from Mersin, as listed in Table 2 together with their uncertainties.
In this study, samples from 18 localities were analyzed for radioactivity due to 226 Ra, 228 Ac, 40 K, and 137 Cs isotopes. The radioactivity levels in samples were found to be in the range of those published in the world. These results are the first record of biomonitoring in Turkey for M. guentheri. The average value of gamma dose rate obtained in this study (7.59 nGy h ). The calculated AED with an average value of 9.30 mSv and REA with an average value of 15.13 Bq/kg were lower than the worldwide averages for soil values of 460 mSv and 370 Bq/kg, respectively. The average values of AGED and ELCR are presented in Table 3 ; AGED has an average value of 386.74 µS/year and ELCR has an average value of 0.93. With altitude, there were strong positive correlations between the activity concentrations for 40 K (rK = 0.996, n = 18, P = 0.0001) (Figure 3) . Furthermore, the while altitude of sites increased, activity concentrations for 40 K also increased. In this case, due to the use of activity concentration for 40 K with all dose calculations in the indexes, it is associated with altitude (rD = 0.670, n = 18, P = 0.002; rREA = 0.655, n = 18, P = 0.003; rAED = 0.670, n = 18, P = 0.002; rAGED = 0.961, n = 18, P = 0.0001; rELCR = 0.670, n = 18, P = 0.002). In addition, when the altitudes were grouped with higher altitudes and lower altitudes separately, the average of activity concentrations for 40 K showed a statistical difference between the two groups (t = 4.16, df = 16, P = 0.001). Considering these results, the risk of radiation hazard at higher altitudes is greater than at lower altitudes. This hypothesis is consistent with the suggestions of UNSCEAR (1988, 1993) . In addition, for the average values of D, REA, AED, AGED, and ELCR, there is a statistical difference between the two groups (tD = 2.257, n = 16, P = 0.038; tREA = 2.160, n = 16, P = 0.046; tAED = 2.257, n = 16, P = 0.038; tAGED = 3.967, n = 16, P = 0.001; tELCR = 2.258, n = 16, P = 0.038). However, the averages for the group in terms of 226 Ra, 228 Ac, and 137 Cs are not statistically significantly different (tRa = 0.625, n = 13, P = 0.543; tAc = 1.455, n = 9, P = 0.180; tCs = 0.199, n = 13, P = 0.845).
Moreover, distributions of the radiation hazard index values by each locality are given in Figure 4 . While the highest values for all indices were found at Locality 11, the lowest values were found at Localities 5, 9, and 18. In addition, the gamma dose rates and hazard indices of the samples are listed in Tables 2 and 3 . the literature values: the value is 2.10 Bq/kg for similar rodents in the study by Gaca et al. (2005) in Poland, the value is 40.00 Bq/kg for mouse-type small rodents in the study by Sazykina and Kryshev (2006) in Russia, the value is 2.48 Bq/kg for rodents in the study by Paller et al. (2006) in the United States, the value is 611.00 Bq/kg for Microtus spp. in the study by Beresford et al. (2008b) in the Chernobyl exclusion zone, and the value is 12.66 Bq/ kg for murine rodents in the study by Gaschak et al. (2011) in the Chernobyl exclusion zone, but for the present study the value is 0.40 Bq/kg at Mersin, Turkey . However, 40 K activity concentrations are higher than the literature values (26.3 Bq/kg for similar rodents in the study by Gaca et al. (2005) in Poland and 28.4 Bq/kg for mouse-type small rodents in the study by Sazykina and Kryshev (2006) Cs as a function of altitude (nonsignificant).
Discussion
to Özmen et al. (2013) this value is within normal limits). According to Paller et al. (2006) , although concentration ratios can be derived through biokinetic modeling (DOE, 2002) , such methods may be subject to greater uncertainty than empirically derived values computed from measurements of radionuclide activity in animals and environmental media from contaminated environments. Empirical measures, in turn, are subject to site specificity resulting from the contamination pathway and discharge history, food web structure, climate, and soil type (Frissel et al., 2002) . Most concentration ratios for nondomestic terrestrial animals are based on data from northern ecosystems and are for 137 Cs (Beresford et al., 2004) , one of the most commonly occurring and biologically significant radionuclides.
However, the high values of activity concentrations for 40 K, which is from natural radionuclides, increases the risk of the indexes of radiation hazard to the Mersin region's natural habitat for creatures that live in this region, and it makes it a natural radiation hazard risk area. Even from polluted regions in Poland for 40 K high results were found. Furthermore, this value is approximately 1/4 of the global average for soil (400 Bq/kg). In this case, for the radionuclides from the soil there is a transition to M. guentheri. This transition and the mechanism of accumulation in living bodies should be investigated in future studies. As evidence for this hypothesis, Gaca et al. (2005) stated that observed levels of activities for 40 K are perhaps typical for mammals in general, and those for 137 Cs are typical for wild mammals that live in eastern Poland. This activity of 40 K corresponds to about 0.04% of stable K content in fresh bones, which is about three times less than the typical value for adult humans (Iyengar et al., 1978) . UNSCEAR (1996) proposed that radiobiological studies show that vertebrates are the most radiosensitive of the terrestrial organisms, in terms of either mortality or reproductive capacity. Further consideration of feeding habits and habitat occupancy leads to the selection of a reference of a small burrowing omnivore (rodent). In all cases, an attempt should be made to estimate the radiation exposure of the gonads and/or the developing embryo, in addition to the whole body of the adult animal.
Since this is the first study enlisting the activity concentrations and respective dose rates for Mersin Province and biomonitor species Microtus guentheri, the results will provide a basis for further investigation regarding the region and will help to analyze possible effects of nuclear power plants on the immediate environment. The outcomes of measurements over a wider area are being analyzed and will be reported soon. 
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